INTRODUCTION
The existence of optical emissions resulting from the interaction with the atmosphere of charged particles accelerated in the magnetosphere of giant planets has been suspected by analogy with the earth?s polar aurora. Various observers have searched for the presence of emission lines from atomic hydrogen on the nightside of the planet. Schwitters [ 1968] and Hunter [ 1969] claimed to have observed Balmer a emission with an intensity of a few kiloRayleighs. However, a search for Ha by Dulk et al. [1970] gave inconclusive results and put an upper limit of 10 kR on the apparent emission rate. More recently, the discovery of an extensive magnetosphere around Jupiter by the Pioneer 10 and 11 probes and the discovery of the Io plasma torus confirmed the possibility that optical emissions may be produced by the precipitation of charged particles into the Jovian polar atmosphere. 
Localized enhancements of the
The total excitation rate is the sum of the contribution from primary (equation (6)) and secondary (equation (8) In addition to the EUV solar radiation, possible heat sources are gravity waves and particle precipitation [Hunten and Dessler, 1977] . In this model we have adopted a value of 1400 K, slightly higher than the measured equatorial value of 1100 +_ 200 K [Festou et al., 1981 ] to account for the highlatitude heating described below. We have adopted a temperature profile similar to that derived by Festou et al. [1981] from the stellar occultation measurements of Voyager 1 which is characterized by a lapse rate of 1 K/km in the Column production rates for the Werner and Lyman bands, Ha, H/3 are listed in Table 3 for various values of a and for atomic hydrogen models A and B. The Ly a line optical thickness is very large and the radiative transfer problem is not considered here. Consequently, the column production rate of Ly a cannot be compared to the emission rates. As a decreases, the altitude of the excitation maximum moves upward into a region richer in atomic hydrogen, and the relative brightness of the EUV H2 emissions decreases, since the H/H2 abundance ratio increases. Changing from model A to model B has a similar effect on the intensity ratio. The Voyager measurements of these emissions in the Jovian aurora indicate a total H2 intensity of about 80 kR (Table 2) . Table 4 gives the heating efficiency in the Jovian aurora for a = 2 keV and three different model atmospheres. Dissociative recombination of ions with thermal electrons is the major source of neutral heating in the case of a H2-dominated atmosphere. This reaction contributes by 27% to the heating efficiency. The second major source is the cooling of electrons below 10 eV. The total heating efficiency is 0.43, a value quite close to the 40% calculated by Heaps [1976] and in good agreement with the study of Waite et al. [1982] . By using the total energy flux deduced in the previous section, we estimate the particle heat production to about 4 ergs/cm 2 s in the auroral zone or 1020 ergs/s for the entire planet in the case of an H2 atmo- atmosphere has an exospheric temperature of 850 K, in agreement with the Voyager observations. The vertical structure adopted is similar to the Jupiter thermosphere with a reference level at n(H2) = 5 x 1013 cm 3 and a temperature of 150 K at this altitude. In the case of a = 2 keV, the peak of ionization is located at that altitude where the H2 density is 6.5 x 10 lø cm -3.
CONCLUSIONS
The model described in this paper provides a useful tool to calculate vertical distributions of hydrogen emissions, ionization, local electron energy fluxes, ion composition, particle heating rates, and dissociation rates. The present main limitations are (1) the total lack of knowledge of the energy spectrum of the precipitated particles, (2) the exact thermal structure of the planets' thermospheres, and ( Since dissociative recombination of H3 + is the main source of H atoms, an excess energy of about 6.2 or 1.6 eV will be carried as kinetic energy of the fragments, depending on the path followed in the recombination process. Although their velocity remains smaller than the escape velocity (19.4 e V for H atoms on Jupiter), a fraction of the hot atoms will reach the exosphere and form a hot atom corona surrounding the polar regions. Although less dramatic heating and dissociation rates are predicted for Saturn, the effects of precipitation may be quite important in the vicinity of the auroral zones. Substantial increases in the electron and ion densities are also predicted in the high-latitude regions of both planets.
We note, finally, that the thermospheric thermal structure of Jupiter may be entirely controlled in the polar regions by the particle heat input and may exhibit important latitudinal and temporal variations. Consequently, models derived from mid-latitude occultation experiments may be inconsistent with the local inputs. Local measurements of the thermospheric composition and structure are needed over long periods of time. These observations, coupled with twodimensional or three-dimensional modeling of the transport of heat and atoms, will help understanding the global budget of the planet.
